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Assembly of the First Dwarf Galaxies
Andreas Pawlik, Miloš Milosavljevic´ and Volker Bromm
Department of Astronomy and Texas Cosmology Center,
The University of Texas at Austin, TX 78712
Abstract. Understanding the formation and evolution of the first stars and galaxies is crucial to
understanding reionization, a key epoch in the history of the Universe. Detailed theoretical studies
of the galaxies before and during reionization are now particularly urgent because of the wealth
of observational data that will soon be provided by the next generation of telescopes, such as
JWST, ALMA, LOFAR, MWA, and others. We simulate the formation of the first galaxies using
cosmological smoothed particle hydrodynamics simulations. Zooming in on individual galaxies, we
explore how various physical processes affect their assembly and further evolution. A highlight of
our study will be the simulation of the radiation-hydrodynamics of galaxy assembly, which we will
perform using our multi-frequency radiative transfer method TRAPHIC. Feedback from radiation
has long been suspected to play a decisive role in galaxy formation and we will investigate its
implications for observable properties of the first galaxies.
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NUMERICAL METHOD
We use a modified version of the N-body Tree-PM smoothed particle hydrodynamics
code P-Gadget3-BG [1, 2]. Starting from WMAP5 [3] LCDM cosmological initial
conditions, we perform zoomed simulations of galaxies in halos reaching masses of
∼ 109 M⊙ at redshift z ≈ 10. We follow the non-equilibrium H2+HD chemistry and
cooling of primordial gas. Star formation is implemented by turning gas particles into
star particles as described in [4].
To study radiative feedback, we use our multi-frequency radiative transfer method
TRAPHIC ([5]), which solves the time-dependent radiative transfer problem in primor-
dial gas (H+He). TRAPHIC’s distinguishing features include that it is spatially adaptive,
parallel on distributed memory and has a computation time that does not scale with the
number of sources. Hence it is ideal for application in spatially adaptive cosmologi-
cal simulations that contain a large number of ionizing sources. The latest version of
TRAPHIC is implemented in P-Gadget3-BG and is fully radiation-hydrodynamically
coupled (to be described elsewhere).
INITIAL RESULTS
Figure 1 shows the gas densities at z = 10 at two different scales in one of our zoomed
simulations. The simulation employed a gas mass resolution of 484 M⊙ and a grav-
itational softening of (Plummer-equivalent) radius 0.1 h−1 kpc comoving. It included
atomic cooling and was performed without radiative transfer. Hence, it will provide a
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FIGURE 1. Hydrogen number densities at z = 10 in the no-feedback simulation. The circle marks the
virial region with physical radius rvir ≈ 3 kpc. The right-hand image is a zoom-in on the virial region.
useful reference for comparison to simulations that include the transfer of radiation and
associated feedback. The inner and outer disks that characterize the morphology of the
galaxy were assembled after mergers at redshifts z≈ 15 and z≈ 12.
OUTLOOK
Simulating the first galaxies is a demanding task which requires non-equilibrium chem-
istry, primordial gascooling, ionizing photon transport and feedback from star formation
in high-resolution cosmological runs. The results presented here are the first step to-
wards first-principle predictions for the first galaxies that can soon be tested with the
James Webb Space Telescope and other future observatories.
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